SAND FLIES ARE recognized throughout the world as vectors of pathogens of humans and of domestic animals. In the Americas, species of Lutzomyia are biological vectors of protozoa (i.e., Leishmania spp.), bacteria (Bartonella spp.) and several viruses, including the rhabodviruses that cause vesicular stomatitis (VS) disease among domestic livestock (Tesh and Guzman 1996) . Vesicular stomatitis is an important disease of livestock in South, Central, and North America, largely because of its List A status (diseases capable of rapid spread across international boundaries), which restricts livestock trade (OIE 1999) .
New World sand ßies, Lutzomyia spp., are biological vectors of VS viruses in South and Central America, as well as the southeastern United States (Comer and Tesh 1991) . On Ossabaw Island, Georgia, Lu. shannoni Dyar serves as both a vector and reservoir of the New Jersey serotype (VSNJ) virus ). Feral swine are exposed to VSNJ virus annually by blood-feeding female Lu. shannoni (Stallknecht et al. 1985) . The presence of virus in wild male Lu. shannoni suggests that VSNJ virus is maintained by vertical passage between sand ßy generations (Comer et al. 1992 ).
In the western United States, sporadic outbreaks of both VSNJ virus and the Indiana serotype (VSI) virus among domestic livestock have occurred since the mid-1800s (Hanson 1981) . During VS outbreaks in 1982Ð1983 and 1995, VSNJ virus was isolated from pools of Simuliidae, Ceratopogonidae, Muscidae and Chloropidae captured on premises with infected livestock in New Mexico and Colorado (Jenney et al. 1984 , Francy et al. 1988 , Kramer et al. 1990 , Schmidtmann et al. 1999 . Sand ßies were not detected in these studies.
This article reports the use of light/suction and burrow emergence traps to investigate the possible presence of sand ßies associated with GunnisonÕs prairie dog colonies on or near livestock operations with histories of VSNJ virus activity in the mid-Rio Grande River Valley, New Mexico, and west-slope region of the Rocky Mountains, Colorado. Alsuhaibani (1990) collected Lu. apache Young and Perkins from a colony of the black-tailed prairie dog, Cynomys ludovicianus RaÞnesque, in northern Colorado, and Alsuhaibani (1990) and McHugh (1999) captured Lu. apache from wood rat (Neotoma spp.) habitats in northern Colorado and southern Arizona, respectively. This study was conducted in 1999, from AprilÐJuly, the seasonal period preceding recent VSNJ virus outbreaks in New Mexico and Colorado , Bridges et al. 1997 ).
Materials and Methods
Locations. In New Mexico, three study locations were identiÞed in the mid-Rio Grande River Valley south of Albuquerque. Location 1 was the New Mexico State University Agricultural Science Center, Los Lunas, Valencia County, a 240-acre cultivated area surrounded by sand-sagebrush association vegetation to the west and a state prison farm adjacent to the north and eastern boundaries. GunnisonÕs prairie dog burrows were located along the margins of access roads bordering alfalfa Þelds in the western and eastern areas, the latter contiguous with noncultivated Þelds of the prison farm and also occupied by prairie dogs. Location 2 in Los Lunas, Valencia County, consisted of a Ϸ20-acre Þeld adjacent to a public rodeo grounds and surrounded by encroaching suburban development. This Þeld was occupied by a prairie dog colony of Ϸ50 Ð 60 active burrows. Location 3 was a 225-acre cattle ranch adjacent to the Rio Grande River in northern Socorro, County. This ranch consisted of irrigated grass and alfalfa pastures, associated irrigation ditches, and a subgrade irrigation drain with levee banks occupied by GunnisonÕs prairie dogs.
Study locations in Colorado were near the towns of Cedaredge and Fruita in Delta and Mesa Counties, respectively, of the west-slope region. Two ranches near Cedaredge were sampled, one 20 acres and one Ϸ200 acres, both consisting of largely nonirrigated pasture. The Fruita area location was a ranch of Ϸ100 acres of nonirrigated pasture land. All three locations supported a population of GunnisonÕs prairie dog.
Light Traps. Two types of light/suction traps (CDC type), a standard down-draft model and an updraft model (ABC Standard and ABC Standard trap with updraft adapter kit, Clarke Mosquito County, Roselle, IL), were used to assess adult sand ßy presence at each site. Traps were suspended from a tripod (Cabelas, Sydney, NE) that facilitated positioning over or next to prairie dog burrows (Fig. 1 ). Traps were positioned so that the light on down-draft traps was Ϸ0.1 m above ground level and Ϸ0.05 m above ground for up-draft traps. Traps were baited with 2 kg dry ice, activated by photo-timer at sunset, and harvested shortly after sun-up the following morning. Up to six traps, three of each type, were set nightly at each site. Traps at location 3 in New Mexico were set primarily amid a prairie dog colony, but one set of samples was taken in sand sagebrush association habitat adjacent to a cattle dry lot.
Emergence traps. Emergence traps were large Nalgene funnels (Van Waters and Rogers, Aurora, CO) of 220 mm diameter, with a tapered-cone base and spout. The inside surface was scariÞed with sandpaper, and a 0.3 l paper carton container placed over the aperture. The lid of the carton was replaced with Þne mesh, and a hole of 20 mm diameter, allowed placement of the carton over the funnel spout. Emergence traps were positioned over burrow entrances before sunset and respective cartons harvested shortly after sun-up the following morning. In some instances, a commercial bee smoker unit (Walter T. Kelley, Clarkson, KY) was used to blow smoke into a burrow, after which an emergence trap funnel was placed over the entrance to capture any emerging insects. Insects in cartons from emergence traps and catch bags from light/suction traps were anesthetized by chilling, and sand ßies were transferred into 2-dram glass bottles, quick frozen on dry ice, and stored in a freezer at Ϫ10ЊC.
Sand Fly Identification. Male and female sandßies were cleared in phenol, the heads and abdomens removed and mounted with the body on a microslide in 
Results
New Mexico. Thirty four updraft light/suction trap samples were taken from three locations in the midRio Grande River valley (Table 1) . Four female and two male sand ßies, Lu. apache, were captured in three samples on two nights at location 3. Two of the traps that captured sand ßies were set amid a prairie dog colony, the third was located Ϸ400 m distant in sand sagebrush association vegetation near a small cattle drylot. No sand ßies were captured in 48 down-draft light suction trap, 180 emergence trap, or 15 smoke treatment emergence trap samples taken at these three locations (Table 1 ). The chi-square value for comparison of downdraft and updraft trap catches was 8.471, df ϭ 1, P ϭ 0.004, which indicates that up-draft traps caught a signiÞcantly greater portion of the total number of sand ßies than did the down-draft traps.
Colorado. No sand ßies were captured in 40 downdraft and 30 up-draft light/suction trap samples, 73 emergence trap, or 60 smoke treatment emergence trap samples taken over prairie dog burrows at three locations (Table 2) .
Discussion
The capture of Lu. apache at a cattle ranch in the mid-Rio Grande River valley, an area with a history of VSNJ virus activity , Bridges et al. 1997 , is of interest. Sand ßies are vectors and reservoirs of vesiculoviruses in the southeastern United States and central America Tesh 1991) , but sand ßies were not detected among hematophagous insects collected during VSNJ virus outbreaks in New Mexico and Colorado in 1982Ð 1983 and 1995 , Francy et al. 1988 , Kramer et al. 1990 , Schmidtmann et al. 1999 . Several species of Lutzomyia are known from the Rocky Mountain and southwestern regions (Young and Perkins 1984) , but reports are limited, and only Lu. vexator Coquillett has been reported from New Mexico (Young and Perkins 1984) . Lutzomyia apache has been reported from Larimer County in northern Colorado (Alsuhaibani 1990) , and Apache, Cochise, Gila, and Pima Counties in southern Arizona (McHugh 1999) . Whether Lu. apache is involved in the epizootiology of vesicular stomatitis is problematic and has yet to be established.
The capture of Lu. apache only in updraft light/ suction traps set close to the ground surface suggests that this method is effective for capture of this species, and may explain the absence of sand ßies in previous studies of host-seeking Diptera in New Mexico and Colorado that employed down-draft CDC type and New Jersey light traps , Francy et al. 1988 , Kramer et al. 1990 , Schmidtmann et al. 1999 . Nevertheless, McHugh (1999) captured numerous Lu. apache in downdraft CDC-type traps. Because the few Lu. apache captured in this study were taken in June and early July, it is possible that additional specimens could have been captured during mid-to late summer. Alsuhaibani (1990) reported Lu. apache as most abundant in July in northern Colorado, and McHugh (1999) collected numerous Lu. apache in September in southern Arizona. Our capture of Lu. apache near GunnisonÕs prairie dog burrows extends the association of this sand ßy with burrowing rodents. Alsuhaibani (1990) captured Lu. apache in light traps set on the ground at the entrance of black-tailed prairie dog (Cynomys ludovicianus) burrows, and both Alsuhaibani (1990) and McHugh (1999) captured numerous adults from habitats of the white-throated wood rat, Neotoma albigula Hartley in foothill and riparian areas, respectively. The capture of Lu. apache from sand-sagebrush association habitat near a cattle drylot requires conÞrmation. Several other species of the sand ßy sub-genus Helocyrtomyia, which includes Lu. apache, have been associated with reptile hosts (Young and Perkins 1984) .
The sporadic nature of vesicular stomatitis outbreaks in the western United States, which typically are Þrst detected in southern Arizona or New Mexico and then spread northwards along western river valleys during summer months , Bridges et al. 1997 , has hampered understanding of the ecology of these vesiculoviruses. Molecular typing of VSNJ viruses isolated during western United States outbreaks (Nichol et al. 1993 ) indicated a temporal and geographic association with strains of virus in Mexico. Alternatively, it has been suggested that VS viruses may be enzootic in the southwestern United States where they are maintained in sylvatic cycles that involve wildlife and insect vectors . A better understanding of the habitat and host associations of Lu. apache will test the latter hypothesis and may clarify the epizootiology of VS viruses in the western United States. 
